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(46) 23.04.93. 6Wfl.hM5 

(72) A.C.Mepe6amcMrt. A.B.Oommh, A.B.AxMa- 

aece h O.C.MyxaMeTrapMnoB 

(56) naTeMT CUJA Ns 3191677, kji. 166-14. 
ony6/iHK. 1965. 

ABTopcicoe caHABTeiibcrao CCCP 
fvfc 1254137. kji. E 21 B 29/10. 1982. 
(54) CHOCOB PEMOHTA OBCAflHblX KO- 
/10HH 

(57) l4cnoni»30BaHMe: peMOHT ynacTKOB c osa- 
raMM paspyuieHMii m Ae^erraMM a cieHicax 06- 

CBAHUX KO/10HH. CyiUHOCTb M3o6pereHMfl: 

noA6npaiOT umuhhapmhbckmA naTpy6oK pac- 
MBTHoro nepMMBTpa. /yiMHa KOToporo 60/ibiue 



BHyrpeHHero AwaMBTpa 2 peMOHmpyeMoro 
ysacTKa o6caAHoA ko/iohmu, a A^MHa naTpyfr- 
ica 6oitbiue ahmhu MHTepaa/ia noepe*AeHn*. 
npoM3BOfl«T nonepesMyw ae<t>opMauMK) nav 
py6xa no Bceft winne ao ncnepM ycTo&MMBO- 
ctm. (|>MKcauMio ero b stom nonoMceHMM. cnycic 
a oteaxMHy n ycTaHoaicy b aone noapexae- 

HMfl nyTBM 4>KKC3T0P0B. llpM 3TOM M3TepW3A 

naTpybxa Bw6npa>oT no MOAytK) ynpyroc™ - 
E. kotopuA onpeABiiatOT Ma cootmoujchmji: 

E- 1,4 t TAB P - KOHTBICTMOe A3B/ieHMe 

(h/R) lHi 

naTpy6Ka hb ctcmkm o6cbahoA ko/iohhu: h - 
TOAtuMHa ere h km naTpyftca; R - paAwyc BHyT- 

peHHBA CTBHKM 06C3AMOA KOflOMHU. 4 Mfl. 




I 

is 

is 

i 



3 



1810482 



4 



M3o6peTeHnc othocmtc* k TexHonorMM 6uTb McnoAbaosana BucoicoxaHecTBeHHaA aa- 
peMOHTH wx pa6oT b He4>f e A o6uaaioiueA npo- raneMMan cra/ib, CTexnonAacTMX m Apynae Ma- 

MUUJA6HH0CTH, a MMeHHO. X CnOC063M AMK8M- TepMBAU, XapaXTepMayiOlAMe TOM, HJO 

AauMM ysacncoB c osaraMM paapyujenup m Hanp«*eHMA. B03HWxaioiuMe b hmx nocAe no- 
A*t>eicT3MM b cieHicax o6caAHwx xoaohh. 5 rcpw ycToviMMBocTM, He npeawujaioT npeAenoa 
Uenb M3o6peTeMM« - nofiuuieHMe 3*<J>ex- TexynecTM abhhux MaTepMaAoe. t.c. coot- 

TMBMOCTM pBMOHTHUX pa60T M OOeCneMeHMe BCTCTByiOT ynpyrHM Ae4)OpMaUM»M 3TMX MaTe- 

paBHOMepHoro npHxeamn naTpy6ica no eceA puanoB. 

ero AflHKe x oocaAHoft ko/iohhb npw ynpome- 3btcm npoM3BOA«t nonepeMnyio Ae$op- 

hmm npouecca ycTanoexM n3Tpy6xa 3a CMeT 10 m3umk> naTpy6xa no acew AnMMc ao noTepn 

MCK/IIOMGHMfl AOnOAHMTeAbHOrO B03ABHCTBMA yCTOHMMBOCTW M <frMKCaUWIO erO B 3T0M COCTO" 

Ha Hero. *hmm. fln» wo naTpyfiox 1 noAax>T Ma bxoa 

Ha W 1 M3o6paxceHO ycTpbdcrao a** onpaaxw 2 npoTATMaaiomero ycTpoftcraa c 
npMBOACWMp naTpyeka a coCTOAHMe noTcpn npcABapwTenbHO.BXiiioMeHHMM ABHraTeneM6. 
YCToAmmboctm: Ha 4>Mr. 2 -r ceseHMB A-A Ha 4>v<r. 15 nepeAawmMM flpameHMe Ha poumkm 4 c no- 
li Ha>Mr. 3 -cweHHe 6-5 Ha ♦nr. 1; na 4>mt. Motubio MexaHMnecxoro npMBOAab. Poamxh 4 
4-naTpy6ox,aa<t>MKCMpoBaHHW(lBCOCTOJiHMM aaxBirruBaxn naTpy6oK m npoTarMaaiOT cro 
norepft ycTofWMBocTM. BMyrpb xohmmbcxoh onpaBXM 2 ycTpoflcTB* no 

YcTpoftCTBO Ann npMaeAeHMA naTpytixa 1 ■ Mepe A«**eHMA naTpy6xa baoak BHyrpeHHeft 
a cocTOAHMe noTepw ycTOMiwaocTM - fipomm- 20 noBfipxHocm nocreneHHO yae/iHSMBaeTca pa- 
eaiomee ycTpoftCTeo - npeACTawweT co6oft AMa/ibHaa narpyaxa, Ae«cTeyioma» Ha Hero co 
KOHHvec xy>o onpaaxy 2 c 4>opMoo6pa3yioii(MM ctopohu onpaBXM M3-aa yMBHbuieHMA ee A*a- 
CTepKHeM 3 m poAHKBMH 4. aaxpenifeHHUMM MCTpa* VlaaecTHO, HTOTOHXHeynpynie 060A0 1 *- 
nOA««He onpaaxw. PdflwitM 4 CBJiaaHMCMexa- xm hoa AewcTeweM paAna/ibHOfi Har.py3xn 
HMsecxMM npMBOAOM 5, BpameHMe Ha xoTopuA 25 repniOT ycToAiMBOcrt, nepexoA* x HOBOMy co- 
nepeAaeTcn ABMraTe/ieM 6. *npcne npMBCAe- ctoahmio paBHoaecwi c ewnyioiocTbio. 
mmp narpyGxa b cocTOAHMe noTepM ycTO Amhbo* • o6pameHHofl x ueHTpa/ibHoft ocm wiAMHAPa. 
ctm npw noMomw AaHHoro ycTpoftcTaa oh flna o6ecneMeMM* nepexoAa naTpy6xa b co- 
^MxcHpyeTpi e stom coctophmh nocpeAcraoM croflHwe norepM ycTOHMwaocTH ciiyjxMT ^op- 
4>MxcaTopoB 1 % coeAMHCHHwx MexAy co6oh 30 MOp€pa3yK>mnH CTepxeHb 3, kotopum 
crepsKHUMM 8. ripwaoA 5 npeACTaB/iaeT M3 ce- xoHueHTpMpyer paAMa^bHyio narpyaxy Ha naT- 
6a 3y6saTyK} nepeAasy c oamoh eeAymefl 9 h py6ox, TepniomHH ycTOWMHBOCTb. A^iwHeflr 
AayM» BeAOMUMM tuecrepHJiMM 10. 11. BeAy wap npoTP)xxa naTpy6xa caadaHa c 
map ujecrepHfl 9 ycraHOMeHa Wa buxoahom npoAOJoxaiotmiMCsi yeefciweHMeM paAHaiibHOH 
aany 12 nmmen* 6; Ha eany 13 aepxHen 35 Hdrpyaxn h npHBOAHT x yaeiiuMeHHio Bunyx/io- 
eeAOMoA uiecTepHH ycraHOBiien xpa.RHHd aep- ctm o6oaomkm naTpyGxa. noTepflBiueH ycrroft- 
xhmh po/ihk 4. a Ha Bany 14 hwkhor aeAOMOH nwaocTb, a pe3y/ibTaTe sero paaMepu 
uiecTepHH xpaHHMH hmxhmh po/iMK 4. PoAMKM natpy6xa 6yAyr cooTeeTCTB0B3TV TpancnopT- 
4 (h BepxHMe, m hmxhho) cBP33HHbie npnaoA- hum pa3Mep3M Ten, cnycxaeMbix B CXBaXMHy. 
hum peMHeM 15. PoAmxm 4. He CB«3aHHue c 40 B MOMeHT AOcnoxeHMP naTpy6xoM TpaHcnop- 
BanaMM 13 m 14. BunoiiHenu ynpyroanacnw- - thux paaMepoa oh npommBaeTcn x xonuy 
humm muh noAnpyKMHBHu a peaynbTdTe nero onpaBXM 2 m Ha auxoAe «3 nee CTaniBaarcii 
ohm oTcnexnaaioT Ae<t>opMauHio naTpy6xa. Hecxo/ibXMMH ^wxcaTOpaMw 7 (cm. $Mr. A\ xo- 
Boxoaue po/iMXw 4 aaxpennenu b xohmhccxom Topue )xeCTxo co6ahhr1ot hbmay co6oh CTep* 
onpaaxe 2 c bo3mo)xhoctw»o epameHHA. Ohm 45 ihamm 8. TaxMM o6paaoM ocyiAecTaniiK>T 
ne noAnpyxcMHenu m ycTanoaneHu coocho k onepai4MK>4>MKCMpoBaHMii naTpy6xa 1 bcocto- 
4>opMoo6pa3y»omeMy cxepjKHK) 3. phmm noTepw ycTOHMMBOCTM. 

, _ Flocne 3Toro npoMaaoAPT ycTanoaxy naT- 

Cnoco6 peMOHTa 3axAK>^aeTcn b cnenyKh py6xa a aoHe noepexAeHM* o6c3ahom xonoH- 
u4eM. 50 hu. 

BHana/ie ocytuecTB/iPK)T noAGop naTpy5- /Vi»'3TorocnoMombX}Aep)xaTeiia(HaHep- 
xa pacMeTHoro nepMMeTpa m ynpyrocTM. Hst- roxe He noxa33H) naTpy6ox. 3a<|)MxcMpoeaH- 

py60X 1 BUnOAHAIOT B BMA6 TOHKOCTeHHOrO HUH B COCTOflHMM nOTepM yCTOMMMBOCTM , 

xpyroBoro UMAMHApa M3 MaTepwana o6/i3aaio- cnycxax>T b cxaaxMHy m ycTaHaaAMaaxrr Ha 
mero cbomctbom ynpyrocTM. npMMeM nepn- 55 ypoane y^acTKa noapexAeHMA o6caAHOM xo- 

Merp" UMAMHAP3 Oonbuje BHyTpennero aohhu. CTBrnBatomne naTpy6ox 1 $HxcaTopu 

nepMMeTpa peMOHTMpyeMOM o6c3AHOm koaoh- 7 chmmbjot, nepeMemdA eeepx coeAMHAK)iUMe 

hu, a AAMHa - 6onbiue MHTepeana noBpe^e- mx CTep)XHM 8. sto npneoAMT x chatmk) paAM- 

hma o6c3ahovi koaoh hu. B xanecTBe aAbHon Harpy3KM. A6MCTByK)iueM Hd naTpy6ox. 

MSTepnaAd M3roTOBAeHM« naTpy6xa Moxcej no A AewcTBvieM ycMAMM b o6oAOHKe. noTepRB- 
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weft ycTOtfsMBOCTb. naTpy6oic 1 B03BpamaeTCfl 
B MCXOAHOe paBMoaecHoe coctorhmc 

B CM/iy Toro. mto mcxoahu* BHeu/Hwft aw- 
aMeTp narpy6xa Hecxonbxo Co/ibiue BHyTpeH- 
Mero AwaMeTpa o6c3AHOtf ko/iomhu. flaTpy6ox 5 
niiOTMO m paBMOMepHO npM^cuMaeTCfl x odcaA- 
ho* ko/iohhc nepcKpuB yMacTOK nospeacAe- 

HHP. 

Bu/iM npoBCAeMW /ia6opaTopMwe wcnbira- 
hm« cnoco6a peMOKTa o6caAHwx ko/iohh na 10 
MOAern* o6caAHOft ko/iohhm c ueiibio npo- 
aepxM ero pa6oTocnoco6HOCTM. MoAC/ib 
caAHOft ko/iohhw npeACTaB/ifleT co6ofl 

TOACTOCTBHHytO Tpy6y C BHYTpeHHMM AMaMOT- 

pOM 80 mm. napaMeTpoM 25U mm if AnwHoft 15 

500 MM* 

naTpytioK eunoiiHeH M3 cTewionnacwica a. 
bmao TOHicocTBHHoro xpyroaoro muiMHApa, 

TO/I1UMH8 CTCMKM KOTOpOTO 0,3 MM, a nepMMCTp 

251.6 mm. 20 

B Ka^ecrae npOTPfMeaiomero ycTpoftCTaa 
McnoAbaoBanacb xoHMMecxa* onpaBKa co 

BXOAHWM AMaMeTpOM 100 MM, BS4XOAHWM -70 

mm. AnwHoft 600 mm c oammm <fropMoq6pa3yio- 
iumm crepttHeM BAQ/ib BnyTpeHHefl noBepxno- 25 
ctm onpaaitM. npoTUHcxa ocymecTB/uwacb 
AaaneHMeM Ha Topeu narpyoxa. Ha BbixoAe M3 
npornniBatoiuero ycrpoflCTBa naTpy6ox mmc/i 
A^aMeTp 70 mm, npMMeM <t>opMoo6paayiomMft 
CTcpxcHb y*e mc xaca/icn suaepHyTOfi 060- 
jiomcMnaTpy6xa,MBTaicoMnoiio)KeHMVinaTpy- 30 
6ok Gun noc/ieAOBaTenbHO cthhyt AByM« 
4>HKCdTOpaMM, coeAMHeHHUMM Me)«Ay co6oft 

AByMfl CTaHbHUMM CT6P39CH5IMM. 

3aTeM naTpy6oK 6bi/r cnymen a MOAenb 
o6caAHOA ko/iohhu ao ypoBHsi 30HM noBpe*- 35 
Abhmii o6caAHoA ko/iohhu c noMoiub»o Aepxca* 
Te/ifl, noncpeMMue pa3M6pbi KOToporo He 
npeBbtuia/iH 70 mm. 3aTeM cmrMaaioiUMe <|>wk- 
caTop u CA8Mra/iH x BepxneMy Topuy. naTpy6xa 
33 cm«t ycwiM*. nepeAaaaeMoro scpe3 CTep*- 40 

HM. 

B MOMeHTCHrtTMfl nocneAHero $MKcaTopa 

CB060AHHfl naTpy60K nO/IHOCTbK> BOCCTaHO- 



Bun cboio *opMy, npM*aBUJMCb k BHyTpeMHCM 
CTemce o6caAHOft ko/iohhm m nepeupwe 3ony 
noepe*A$HHfl. 

AHanorviMHUM o6pa30M 6bMM npoaeAeHbi 
McnuraHMR b yc/ioBnax no/inoro 3ano/meHMfl 
MOAenn o6caAHOA xonoHHW boaoa. 

/1a6opaTopHbie AaHHbie noATBepAW/iw pa- 
6oTOcnoco6HOCTb A3HHoro cnoco6a peMOHia 
o6caAHbix ko/iohh. riaTpy6oK no/iHocTbio. 6e3 

nOBpCJXAeHMft M CKitdAOK BOCCT3HOBW/I CBOW 

tfropMy m ruioTHO 06/iera/i BHyTpeHHiOK) creHxy 
o6caAHO« ko/iohhu, H30/iMpyn 3QHy noepe*- 

A6HMA. 

cDopMy/ia m 3 o 6 p«re h h a 
Cnoco6 peMOHTa oGcaAHbix ko/iohh. 
BKAKH8I0U4MA noA^op naTpy6xa pacseTHoro 
nepHMeTpa, nonepesnyio Ae$oP ws UMX> na-r- 
py6xa no acefl aamho, cnycx ero b cxeaxMHy h 
ycTaHoatcy a 3one noBpe^ACHnn. o t n m m a 10- 
m w * c « TeKt hto, c uenbio noauuieHM 
3<M>oktmbhoctm poMOHTHbix pa6oT m o6ecnc 
neHMJi pasHOMOpHorp npvoxdTMsi naTpy6xa no 
eceA ero a^mho k o6caAHOA xo/iOHHe rtpn oa- 
HOBpeMeHHOM ynpomeHMM npouecca ycia- 
hobkm naTpy6xa aa cmot mck/homb^hsi 
AononHHTejibHoro BoaAeftCTBMR Ha nero. Ma- 
Tepwa/J naTpy6xa Bw6npaioT no moayiw ynpr 
rocw E, npMMGM nocnej\Hu% onpeAe^fliOT A3 

COOTHOUJeHHA 

E - 1.4 P 
tab P - xoHTaxTHoe AaB/ienwe naTpy6xa Ha 

CTBHK14 06C3AH0fl XO/IOHHM; 

h - TOiiiawHa CT6HXM naTpy6xa; 

R - paAwyc enyTpeHHeft hobcpxhoctm 06- 

CdAHOA KO/lOHHbt, / 

a nonepesHyio Ae<t>opMauwK) i najpy6Ka no 
BceQ A^HHe ocymecTansHOT ao noTepw ycTOft- 

MMBOCTM, 33T0M erO f^HKCHpyiOT B 3T0M COCTO- 

phmm m nocno cnycxa b 3QHy noBpe)KAeHV»fl 

<f>MKC3T0pbl CHHMaiOT. . V " V 
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CocraoMTe/ib O.MyxaMeTrapwnoB 
PeAaKTop OdeHUHa Texpefl M.MoprCHTan KoppeKTop C.naTpyiueea 

3aica3 1426 Tupa* llOAnMCHoe 

BHUWnn TocyAapcTBeHHoro KOMHTOTa no M3Q6peTeMM«M m otkpwth^m npw TKHT CCCP 
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than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices. In this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 AP/QrfR) 1 1/5 , where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[serf Russian original for figure] 
A B 
A B 
Fig. 1 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A-A cross section 
in Fig. 1; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 1 0, 1 1 . Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3 . 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
* new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251.2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 25 1 .6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E >1.4P/(h/R) n/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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[see source for Figures 2, 3 and 4] 
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